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A B S T R A C T
This study aimed to evaluate the extraction/exportation of macronutrients by cladodes of 'Gigante' cactos pear, grown under diferente spacings and doses of cattle manure applied to the soil 600 days after planting. Twelve treatments were used, three spacing (1.00 x 0.50; 2.00 x 0.25 and 3.00 x 1.00 x 0.25 m) and four doses of cattle manure (0, 30, 60 and 90 Mg ha -1 year -1
), arranged in a 3 x 4 factorial scheme in randomized blocks, with three replicates. The extraction/exportation of N, P, K, S, Ca and Mg was determined, whose respective values for maximum dry matter production (21. , 600 days after planting. The amounts extracted/exported from N, P, K and Ca varied independently with spacings and manure doses, while Mg and S were dependent on the interaction between factors. The doses of manure are insufficient to meet the demand of extracted/exported K, Ca and Mg. The increments in the doses promote greater nutrient uptake by the plant. The extracted/exported macronutrients in largest amounts are: K, Ca, N, Mg, P and S, in this order. Extração/exportação de macronutrientes por cladódios de palma forrageira 'Gigante' sob diferentes espaçamentos e adubação orgânica
Introduction
Cactus pear (Opuntia ficus-indica) is an indispensable forage support in the semi-arid regions, because it maintains the photosynthetic activity in period of prolonged drought for more than five months (Zañudo-Hernández et al., 2010) . Changes in crop management, such as population density, combination of spacings and doses of organic (Donato et al., 2014) or chemical fertilization can interfere with the use of radiation and nutritional status of the plant (Galizzi et al., 2004; Silva et al., 2012) , with consequent increment in the photosynthetic rates, growth and yield (Blanco-Macías et al., 2010) , and in the extraction/exportation of nutrients. Ramos et al. (2011) concluded that the spacing influences phytomass production and rainfall use efficiency, and the increments are higher for increasing densities . Donato et al. (2014) observed influence of planting spacings and organic fertilization doses on the morphometric characteristics and dry matter production of cactus pear.
In this crop, harvest removes almost all the vegetative part, leaving no residues for incorporation to the soil, which characterizes a large extraction/exportation. Dubeux Júnior & Santos (2005) claim that, for a mean biannual dry matter yield of 40 Mg ha -1 , the cactus pear extracts approximately 360 kg ha -1 of N, 64 kg ha -1 of P, 1,032 kg ha -1 of K and 940 kg ha -1 of Ca. Estimating the amount of nutrients extracted/exported by the plant allows their correct replacement through fertilization, in order to maintain adequate nutrition of the plants and an equilibrated balance of entry and exit of nutrients in the system. Additionally, considering the longevity of the crop, it is concluded that, after 15 years, if the exported nutrients are not replaced over time, the sustainability and resilience of the crop will be compromised, especially in soils of the Brazilian semi-arid region (Fialho et al., 2013) .
This study aimed to evaluate the extraction/exportation of macronutrients of 'Gigante' cactus pear, cultivated at different planting spacings and doses of cattle manure applied to the soil.
Material and Methods
The experiment was installed in the Federal Institute of Bahia, Campus of Guanambi-BA, Brazil, in September 2009 and continued up to May 2011, in a dystrophic Red Yellow Latosol. The rainfall along the experimental period was 1,393.29, being 611.24 mm from September 2009 to May 2010 and 782.05 mm from October 2010 to April 2011 (Donato et al., 2014) .
The 12 treatments, four doses of organic fertilization with cattle manure (0, 30, 60 and 90 Mg ha -1 year -1 ) and three spacings (1.00 x 0.50; 2.00 x 0.25 and double row 3.00 x 1.00 x 0.25 m), with 20,000 plants ha -1 , were arranged in a 4 x 3 factorial scheme in randomized blocks, with three replicates. Organic fertilization was applied in the furrow, at planting, and repeated one year later in total area. The manure showed the following composition: macronutrients -Ca, Mg, K, N and S -1.7, 0.2, 2.5, 5.2 and 2.3 g kg -1 (EPA 3051 / APHA 3120B), in this order, P = 4.7 g kg -1 (APHA 4500-PC), pH = 7.42 (Official method -MA) and density = 0.38 kg dm -3 . Planting was performed with one cladode per hole, vertically buried halfway. The seedlings, with approximate weight of 1.0 kg, free from pests and diseases, after cutting and selection at field, were left at rest in the shade for 15 days, for healing. In May 2011, a sampling was performed for the determination of the contents of nutrients and dry matter. Using a hole saw, 10 samples of 25 g, totaling 250 g of green matter, were collected in different positions of the plant. The samples were dried in a forced-air oven at 60 ºC for 72 h, then ground in a Wiley-type mill with 1-mm-mesh screen and sent to the laboratory of the Minas Gerais Agricultural Research Company -North (EPAMIG Norte), for the analyses.
The contents of the following nutrients were determined: nitrogen (N), phosphorus (P), potassium (K), sulfur (S), calcium (Ca) and magnesium (Mg), expressed in dag kg -1 . The analytical determinations followed the procedures: N, sulfuric acid digestion with the Kjeldahl method; P, K, S, Ca and Mg, nitric-perchloric acid digestion. The content of dry matter was determined as described by Silva & Queiroz (2009) .
At harvest, three primary cladodes were preserved; after weighing, green matter production was calculated and the dry matter production (DMP) was obtained, as a function of the content of dry matter in the cladodes. The extraction/ exportation of nutrients by cactus pear was calculated based on the DMP of the harvested cladodes and the content of mineral in the cladodes, expressed in kg ha -1 . The data were subjected to analysis of variance. Tukey test (p < 0.05) was used to compare the means of the spacings, while regression analysis was applied for doses of cattle manure and the follow-up analysis of the interactions according to their significance. The regression models were selected based on the adequacy of the studied phenomena, values of determination coefficient and significance of the regression parameters by t-test.
Results and Discussion
The amounts of nitrogen, phosphorus, potassium and calcium extracted/exported (NEE, PEE, KEE and CaEE) by the cladodes of 'Gigante' cactus pear varied (p < 0.05) independently with the spacings (Table 1 ) and doses of cattle manure ( Figure 1A , B, C, D), with no interactions between the factors. The extraction/exportation of N, P, K and Ca in cladodes of cactus pear varied independently with the spacings (Table 1) Means followed by the same letter in the column do not differ significantly by Tukey test at 0.05 probability level. CV = Coefficient of variation *Significant at 0.05 probability level by t-test; **Significant at 0.01 probability level by t-test manure doses (Table 2 ; Figure 1E and F). The variation for extraction/exportation of nutrients followed the pattern of dry matter production (Donato et al., 2014) , with differences only distance between plants decreases, there is an increment in the competition of roots for more mobile nutrients in the soil, such as N, which is transported preferentially through mass flow. The largest amount of NEE occurred at the spacing of 2.0 x 0.25 m, being 140 kg ha -1 for every 10 Mg ha -1 of dry matter, and the lowest one, 125.6 kg ha -1 , at the spacing of 1.0 x 0.5 m. The NEE showed an increasing linear behavior ( Figure  1A ). The fitted model estimates a variation in the extraction/ exportation from 159.9 to 320.3 kg ha -1 , in response to the increase in the cattle manure dose from 0 to 90 Mg ha Silva et al. (2016) . Differences for PEE were observed only between the spacings of 1.0 x 0.5 and 3.0 x 1.0 x 0.25 m, with highest and lowest value, respectively. The amount of PEE in the cladodes of 'Gigante' cactus pear varied linearly with the cattle manure doses ( Figure 1B) . The greater availability of the nutrient, a consequence of the cattle manure applied to the soil, led to higher extraction, translated into larger exported amount. The addition of manure and other organic sources to the soil reduces the capacity of P adsorption, increases the available content and promotes greater mobility in the soil profile of soluble organic forms of P. This is more evident for nutrients that are preferentially transported through diffusion, as in this case, because the driving force of this type of transport is the gradient of concentration of the element between the rhizosphere and its surrounding area (Novais et al., 2007) . The higher porosity, resulting from the increase of micro-and macro-faunas of the soil, due to the high doses of organic material, also contributes to increasing the diffusive flow of nutrients in the soil, which also promotes, besides the supply of nutrients, the stimulus to the biological activity, potentiating water retention and the formation of aggregates (Nardi et al., 2004) . In the treatment without manure application, the amount extracted/exported by the cactus pear was 17 kg ha -1 . For the cattle manure dose of 90 Mg ha -1 year -1 , the amount of P was 53.6 kg ha -1 . It is estimated a P extraction/ exportation of 12.2 kg ha -1 for every 30 Mg ha -1 year -1 of manure. Santos et al. (2002) presented data referring to the extraction of P in cactus pear on the order of 16 kg ha -1 for every 10 Mg ha -1 of dry matter, a value lower than that observed in the present study, since PEE was, on average, equal to 19.4 kg ha -1 for every 10 Mg ha -1 of dry matter.
There were differences between the amounts of K extracted/ exported (KEE) by the cladodes of cactus pear cultivated at spacings of 2.0 x 0.25 and 3.0 x 1.0 x 0.25 m, with highest and lowest value, respectively (Table 1) Table 1 ). The observed value (300.7 kg ha -1 ) are higher than that reported by Santos et al. (2002) , 235 kg ha -1 for every 10 Mg ha -1 of dry matter produced. The CaEE increased with the cattle manure doses ( Figure 1D ). The fitted model estimates the extracted amounts of 443.5 kg ha -1 without manure and 651.9 kg ha -1 for the dose of 90 Mg ha -1 year -1 . The mean CaEE was 547.7 kg ha -1 , superior to the value of 458.28 kg ha -1 obtained by Silva et al. (2012) .
Ca is the second nutrient most extracted by the cactus pear, only behind K. In general, for N and Ca, the behavior of extraction/exportation was similar, i.e., these nutrients showed higher extraction/exportation at the single row spacing of 1.0 x 0.5 m, in comparison to the double row spacing of 3.0 x 1.0 x 0.25 m. However, for P and K, this behavior did not follow the same pattern. The explanations for these facts consider that nutrients with preferential transport through mass flow, such as N and Ca, suffer greater effect of competition by plant roots, with the increase in plant population or with the decrease in the distance between plants, while for 'immobile' nutrients, transported preferentially through diffusion, such as P, the competition is minimal and occurs only in the cases in which the roots of two neighboring plants come into contact (Novais et al., 2007) . K has an intermediate behavior. Its supply to the roots is mainly through mass flow and diffusion, when the amount of nutrients reaching the roots through mass flow and root interception is lower than that absorbed by the plants (Novais et al., 2007) .
There were interactions (p < 0.05) between the planting spacings and applied doses of cattle manure, for the amounts of magnesium (MgEE) and sulfur (SEE) extracted/exported by the cladodes of 'Gigante' cactus pear (Table 2, Figure 1E, F) .
In the absence of cattle manure and at the dose of 30 Mg ha -1 year -1 , there was difference for the means of MgEE by the cladodes of 'Gigante' cactus pear cultivated at the three spacings. At the cattle manure dose of 60 Mg ha , which is lower than the value of 63.27 kg ha -1 obtained by Silva et al. (2012) . The extraction/exportation of S of the cactus pear at the different spacings was similar to that of N, Ca and Mg, exclusively at the highest cattle manure dose, 90 Mg ha -1 year -1
. At this dose, the extraction was higher at the single row spacings, compared with the double row, where there is greater competition. For S, as for N, Mg and Ca, nutrients that are more mobile in the soil, the mass flow contributes with greater participation in its transport to plant roots and, therefore, as the plant population increases or the distance between plants decreases, as in the double row spacings, 3.0 x 1.0 x 0.25 m, there is an increase in the competition of the roots for these nutrients (Novais et al., 2007) and a reduction in the extraction, although S has lower mobility in the soil, compared with those nutrients, which justifies the similarity of behavior only at the highest cattle manure dose.
The SEE varied quadratically ( Figure 1F (Table 3) , the decreasing order regarding the mean extracted amount was: K, Ca, N, Mg, P and S.
These data agree with those of Teles et al. (2004) , who worked with cactus pear in greenhouse, but differ from the results of Silva et al. (2016) , who reported the following sequence: Ca, K, N, Mg, S and P. There was a deficit of K, Ca and Mg in relation to the cattle manure doses applied to the soil. Thus, it is necessary to add these nutrients to maintain a high and sustainable production. Since the balance for these nutrients is negative, it is probable the occurrence of depletion in the production system, not guaranteeing a satisfactory dry matter production, at least for soils of low to medium buffering capacity for these nutrients, as in the present study.
The extraction of K, Ca and Mg was higher than the added amount. This extraction was possible because of the buffering capacity of the soil for these nutrients. For these nutrients, the soil is not a sink and, because of this, the plant does not suffer competition in relation to the soil, because all these elements retained in the exchange complex will replace the nutrients Table 3 . Balance of nutrients (nitrogen, phosphorus, potassium, calcium, magnesium and sulfur) as a function of the mean extraction/exportation by the cladodes of 'Gigante' cactus pear and added to the soil by the cattle manure, 600 days after planting
